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Abstract: This paper addresses the historically biased selection of problems in technoscience, which
has been predominantly shaped by Western male perspectives. We propose a novel framework
with objective criteria for identifying and prioritizing human problems worthy of scientific and
technological attention. Our approach aims to transcend traditional biases, incorporating a more
inclusive, global perspective. We outline metrics considering factors such as scale, urgency, potential
impact, and relevance across diverse populations. Using these criteria, we identify key global
challenges including climate change, pandemic preparedness, food and water security, education
access, sustainable energy transition, Al governance, biodiversity conservation, and mental health.
We present a network analysis of their interconnections, revealing complex interdependencies and
potential cascading effects of interventions. Our mathematical framework, based on graph theory
and network analysis, provides a rigorous foundation for understanding and quantifying these
relationships. This research contributes to decolonizing and degendering technoscience, offering
a more equitable framework for addressing pressing human problems [1]. Our findings have
significant implications for research prioritization, policy-making, and resource allocation in scientific
and technological endeavors, potentially reshaping how we approach and address the most critical
issues facing humanity.

Keywords: technoscience; human problems; global problems; network analysis; complex systems
theory

1. Introduction

The field of technoscience, which encompasses the interconnected realms of science, technology,
and society, has historically been shaped by a predominantly Western, male perspective [2,3]. This
gender and cultural imbalance has profoundly influenced the selection and prioritization of problems
deemed worthy of scientific and technological attention, often resulting in a narrow focus that overlooks
issues disproportionately affecting women, minorities, and non-Western populations [4,5].

The consequences of this bias are far-reaching and deeply entrenched in various domains. For
instance, in medical research, women'’s health issues have often been neglected or understudied,
leading to significant gaps in understanding and treating conditions that primarily affect female
populations [6]. Similarly, urban planning has frequently failed to consider the diverse needs of
different demographic groups, resulting in cities designed primarily for able-bodied, working-age men
(Kern, 2020). Furthermore, technological innovations, despite their potential for positive change, have
sometimes exacerbated existing social inequalities by catering primarily to the needs and preferences
of dominant societal groups [7].

The field of technoscience, which encompasses the interconnected realms of science, technology,
and society, has historically been shaped by a predominantly Western, male perspective [8,9]. This
gender and cultural imbalance has profoundly influenced the selection and prioritization of problems
deemed worthy of scientific and technological attention, often resulting in a narrow focus that overlooks
issues disproportionately affecting women, minorities, and non-Western populations [5,10].
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The consequences of this bias are far-reaching and deeply entrenched in various domains. For
instance, in medical research, women’s health issues have often been neglected or understudied,
leading to significant gaps in understanding and treating conditions that primarily affect female
populations [11]. Similarly, urban planning has frequently failed to consider the diverse needs of
different demographic groups, resulting in cities designed primarily for able-bodied, working-age
men [12]. Furthermore, technological innovations, despite their potential for positive change, have
sometimes exacerbated existing social inequalities by catering primarily to the needs and preferences
of dominant societal groups [7].

This paper aims to address these critical shortcomings by proposing a novel framework for
establishing objective criteria to determine which human problems are truly worth solving. Our
objective is to transcend traditional biases and incorporate a more inclusive, global perspective in the
identification and prioritization of pressing issues that merit scientific and technological attention.

Building upon this foundation of research, our study seeks to extend the application of systems
thinking and network analysis to a broader, more comprehensive set of global challenges. While
previous works have applied these methodologies to specific domains such as healthcare [13,14],
sustainability [15], and education [16], our paper aims to create a more holistic framework that spans
multiple sectors and disciplines. Furthermore, we draw inspiration from the intersectional approach
introduced by [17] and the decolonizing perspective advocated by [18] to address the systemic biases
in problem selection within technoscience.

Our work advances the literature by synthesizing these various approaches into a unified
framework for identifying, prioritizing, and understanding the interconnections between global
challenges. Unlike previous studies that focus on specific issues or sectors, our research provides a
comprehensive methodology for debiasing problem selection across the entire field of technoscience.
By doing so, we offer a novel tool for researchers, policymakers, and practitioners to approach global
challenges in a more equitable, inclusive, and effective manner, potentially reshaping how we prioritize
and address the most pressing issues facing humanity.

This paper builds upon our previous work, "The Wicked and the Complex: A New Paradigm for
Societal Problem-Solving" [19] (Hipdlito and Khanduja, 2024), which introduced the application of
complex systems theory to wicked problems. In that paper, we established the theoretical foundation
for viewing societal challenges through the lens of complexity science. The current study extends this
framework by providing a more detailed mathematical toolkit and concrete examples of its application.
While our previous paper laid the groundwork for a paradigm shift in approaching wicked problems,
this work offers practical methodologies for researchers and policymakers to implement these concepts.
By bridging the gap between theoretical concepts and real-world applications, we aim to demonstrate
how complex systems theory can be operationalized to address pressing societal issues more effectively.
This paper not only reinforces the importance of embracing complexity in problem-solving but also
provides a roadmap for turning these insights into actionable strategies for tackling some of society’s
most intractable challenges.

The significance of this research lies in its potential to reshape the landscape of technoscience
by offering a more equitable and comprehensive approach to problem selection. By developing a set
of metrics that consider factors such as a problem’s scale, urgency, potential impact, and relevance
across diverse populations, we seek to create a framework that can guide more balanced and effective
resource allocation in scientific and technological endeavors.

Moreover, this paper contributes to the ongoing efforts to decolonize and degender technoscience
[1,20,21]. By mapping the interconnections between various global challenges and highlighting the
complex web of influences between issues, we aim to provide a more holistic understanding of the
problems facing humanity. This approach not only helps in identifying overlooked issues but also
informs more integrated and effective problem-solving strategies.

In the following sections, we will examine the historical context of problem selection in
technoscience, detail our proposed framework for objective problem identification, present a
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comprehensive list of human problems that meet our criteria, and analyze their interconnections.
Through this work, we aspire to catalyze a shift towards more inclusive, equitable, and impactful
scientific and technological pursuits that address the most pressing needs of our diverse global
population.

2. Historical Context and Problem

The historical dominance of Western male perspectives in technoscience has led to significant
gender and cultural biases in problem selection, resulting in a narrow focus that overlooks critical issues
affecting diverse populations. These biases permeate various scientific and technological domains,
with far-reaching consequences [9,22-26].

In medicine, the "male as norm" paradigm has led to a significant underrepresentation of women
in clinical trials and a lack of understanding of sex-specific health issues [27]. Heart disease research,
for instance, has predominantly focused on male patients, leading to misdiagnoses and suboptimal
treatments for women, whose symptoms often differ from men’s [28]. Similarly, conditions such
as endometriosis, affecting millions of women worldwide, have been historically underfunded and
understudied [29,30].

Cultural biases have also shaped research priorities, with Western perspectives often neglecting
health issues prevalent in non-Western countries. Neglected tropical diseases, affecting over a billion
people globally, receive disproportionately little attention and funding compared to diseases more
common in developed countries [31,32]. This bias extends to technological development, where
solutions often prioritize Western contexts, neglecting the unique needs and constraints of developing
regions [33,34].

The field of artificial intelligence (AI) and machine learning (ML) exemplifies how these biases
can perpetuate and exacerbate existing social inequalities. Facial recognition systems, for instance,
often exhibit significantly higher error rates for women and people of color. Buolamwini and Gebru
[35] found that while the error rate for light-skinned males was only 0.8 percent, it rose to 34.7% for
dark-skinned females. This disparity stems from training datasets that overrepresent white, male faces
[36,37].

The implications of these biased Al systems are far-reaching and potentially discriminatory across
various applications, from law enforcement to healthcare. Natural Language Processing models often
inherit and amplify societal biases related to gender and race [38]. In healthcare, Al systems for
diagnosis and treatment recommendations have exhibited racial biases that could lead to disparities in
care [39]. Similarly, Al-powered resume screening tools have been found to perpetuate gender biases
in hiring processes [40].

These biases in Al and ML systems reflect and amplify existing societal prejudices, stemming
from a lack of diversity in development teams, insufficient consideration of diverse perspectives, and
inadequate representation in training datasets [41,42]. Addressing these issues requires a multifaceted
approach, including increasing diversity in Al research and development, implementing rigorous bias
testing, creating more representative datasets, and developing new technical approaches to mitigate
bias [43-45].

The consequences of this narrow focus extend beyond specific fields. In urban planning and
design, the prioritization of male-centric issues has led to cities that are often unsafe and inconvenient
for women, children, and elderly individuals [12]. In technology development, it has resulted in
products and services that fail to meet the needs of diverse user groups, potentially widening the
digital divide [7,46]. Moreover, by overlooking issues that disproportionately affect non-Western
populations, the scientific community has missed opportunities to address some of the world’s most
pressing challenges in global development and sustainability [47].

This bias in problem selection has also hindered innovation and scientific progress. By limiting
the diversity of perspectives and problems being addressed, the scientific community has potentially
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missed out on novel solutions and breakthrough discoveries that could arise from a more inclusive
approach [48-51].

Recognizing these historical biases and their consequences is crucial for developing a more
equitable and effective approach to problem selection in technoscience. The following sections of
this paper will propose a framework aimed at addressing these shortcomings and fostering a more
inclusive and globally relevant scientific agenda.

3. Methodology

Our approach to developing a more equitable framework for problem selection in technoscience
involves a theoretical exercise based on reasoning and logic. This methodology aims to provide a
conceptual foundation for a more objective, inclusive, and globally relevant approach to identifying
and prioritizing human problems worthy of scientific and technological attention.

The methodology of network analysis, as we shall see, helps overcome the historical Western-male
standpoint by providing a more objective, data-driven framework for identifying and prioritizing
global issues. By mapping the interconnections between various problems and evaluating them based
on a set of criteria, the methodology minimizes the biases that can arise from subjective or culturally
specific viewpoints. This network-based approach allows for the inclusion of diverse perspectives
by quantifying the significance and impact of problems from different cultural, social, and gendered
contexts. Consequently, it avoids the dominance of a singular Western-male perspective, enabling a
more inclusive identification of issues that better represent the concerns and needs of a wider range of
global communities.

We propose a set of criteria aimed at minimizing bias and ensuring a more inclusive approach
to problem selection. These criteria are derived from logical considerations of global challenges
and ethical principles: a) Global Impact Potential: The theoretical scope of the problem’s effect on
humanity as a whole. b) Urgency of the Problem: The logical time-sensitivity of the issue and potential
consequences of inaction. ¢) Equity Considerations: The theoretical impact on underrepresented or
marginalized groups. d) Sustainability Implications: The logical long-term environmental, social,
and economic implications. e) Potential for Cross-Disciplinary Solutions: The theoretical benefit of
interdisciplinary approaches.

This set of criteria is better because it systematically incorporates diverse ethical and practical
considerations that move beyond traditional frameworks, which have often been limited by culturally
specific or gendered biases. By emphasizing global impact, urgency, and equity, the methodology
prioritizes problems that affect humanity broadly, including those that disproportionately impact
underrepresented or marginalized groups. The focus on sustainability and interdisciplinary solutions
further ensures that the selected problems are considered in a holistic and forward-looking manner,
integrating insights from various cultural, social, and scientific perspectives. This structured yet
inclusive approach reduces the risk of bias inherent in decision-making processes dominated by a
narrow, homogeneous viewpoint, fostering a more equitable and globally relevant prioritization of
issues.

For each criterion, we propose conceptual metrics to enable systematic evaluation: a) Scale: A
theoretical measure of the problem’s reach, considering both population and geographic spread.
b) Urgency: A logical assessment of the problem’s progression and potential for escalation. c)
Potential Impact: A reasoned estimate of positive change if the problem is addressed. d) Global
Relevance: A theoretical assessment of the problem’s significance across different cultures and regions.
e) Intersectionality: A logical consideration of how the problem affects multiple marginalized groups.

This scale incorporates multiple dimensions that ensure a comprehensive assessment of global
challenges. The Scale criterion accounts for the problem’s reach, both in terms of population and
geographic spread, ensuring that issues are not overlooked simply because they are prevalent outside
Western contexts. Urgency assesses the problem’s progression and potential for escalation, prioritizing
issues that require immediate attention regardless of their geographic origin. Potential Impact considers
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the possible positive outcomes of addressing the problem, allowing for a more balanced evaluation
of which issues could produce the most significant benefits. Global Relevance ensures that problems
are evaluated based on their significance across different cultures and regions, moving beyond a
narrow, culturally specific perspective. Finally, Intersectionality addresses the problem’s impact on
multiple marginalized groups, fostering an inclusive approach that recognizes the complexity of global
challenges and prioritizes problems that affect diverse populations. Together, these conceptual metrics
provide a structured yet adaptable framework that minimizes bias and promotes a more equitable
selection process for identifying problems worth solving.

4. Theoretical Process for Problem Identification and Selection

To address the historical biases inherent in problem selection and to foster a more equitable
approach to global challenges, we propose a comprehensive, multi-stage methodology. This framework
is designed to ensure that problem identification and prioritization are not only systematic but also
inclusive, moving beyond traditional, culturally specific perspectives.

1. Initial Problem Identification: A broad consideration of potential global challenges based on
logical deduction and current understanding of world issues.

2. Criteria Application: A theoretical application of our developed criteria to these problems, using
reasoning to assess how each problem aligns with the criteria.

3. Comparative Analysis: A logical comparison of problems against each other using our conceptual
metrics, to create a prioritized list.

4. Holistic Assessment: An overall evaluation considering the interplay between different criteria
and potential synergies or conflicts in addressing multiple problems.

5. Theoretical Refinement: A logical consideration of how this process might be iteratively improved
and adapted over time to maintain relevance and inclusivity.

This methodology provides a theoretical framework for a more equitable approach to problem
selection in technoscience. By applying logical reasoning to these proposed criteria and processes, we
aim to demonstrate how historical biases in problem selection could be addressed, and how a more
inclusive approach to global challenges might be structured. Based on our criteria, we identify the
following objective problems worth solving:

4.1. Climate Change Mitigation and Adaptation

*  Global Impact: Affects all regions and populations

¢ Urgency: Rapidly escalating with potential irreversible consequences

e Equity: Disproportionately impacts vulnerable populations

®  Sustainability: Central to long-term environmental and economic stability

®  Cross-disciplinary: Requires collaboration across sciences, economics, and policy

4.2. Pandemic Preparedness and Global Health Security

*  Global Impact: Potential to affect entire global population

e  Urgency: Rapid spread of diseases in interconnected world

*  Equity: Often hits disadvantaged communities hardest

*  Sustainability: Crucial for stable societies and economies

*  Cross-disciplinary: Involves virology, epidemiology, data science, and social sciences

4.3. Sustainable Food and Water Security

*  Global Impact: Essential for all human life

¢ Urgency: Increasing pressures from population growth and climate change
¢ Equity: Scarcity affects marginalized communities most severely

e  Sustainability: Fundamental to human and environmental health

*  Cross-disciplinary: Spans agriculture, hydrology, nutrition, and technology
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4.4. Quality Education Access

¢ Global Impact: Potential to uplift entire societies

e Urgency: Critical for addressing rapid technological and social changes

e  Equity: Key to reducing socioeconomic disparities

®  Sustainability: Long-term effects on economic and social development

e  Cross-disciplinary: Involves pedagogy, psychology, technology, and social sciences

4.5. Sustainable Energy Transition

*  Global Impact: Affects global economy and environment

e  Urgency: Critical for climate change mitigation

®  Equity: Access to clean energy can reduce poverty

¢  Sustainability: Central to long-term environmental and economic stability
¢ Cross-disciplinary: Involves physics, engineering, economics, and policy

4.6. Artificial Intelligence Governance and Ethics

¢ Global Impact: Increasingly pervasive in all aspects of society

¢ Urgency: Rapid Al development outpacing regulatory frameworks

¢ Equity: Potential to exacerbate or reduce inequalities

¢  Sustainability: Long-term implications for work, privacy, and human rights
®  Cross-disciplinary: Spans computer science, ethics, law, and social sciences

4.7. Biodiversity Conservation and Ecosystem Restoration

*  Global Impact: Affects planetary health and human well-being

e  Urgency: Rapid loss of species and habitats

e Equity: Disproportionately affects indigenous and rural communities

*  Sustainability: Critical for long-term environmental balance

¢ Cross-disciplinary: Involves biology, ecology, climate science, and social sciences

4.8. Mental Health and Well-Being

*  Global Impact: Affects individuals across all societies

¢ Urgency: Rising global rates of mental health issues

*  Equity: Often stigmatized and underaddressed in many communities

®  Sustainability: Long-term impact on societal health and productivity

*  Cross-disciplinary: Involves psychology, neuroscience, social work, and public health

These problems meet our criteria for objectivity, global relevance, urgency, equity considerations,
sustainability implications, and potential for cross-disciplinary solutions. They represent critical
challenges that, if addressed, could significantly improve human well-being and planetary health.

5. Mathematical Framework for Network Analysis

To analyze the mutual influences between these problems in a network analysis framework, we
consider how addressing or exacerbating one problem might affect the others. We use a scale of 0-3 to
represent the strength of influence:

*  0-No significant influence
e 1-Weak influence

e 2 -Moderate influence

e  3-Strong influence
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Here’s a matrix representing these relationships:

Table 1. Influence matrix of global challenges

CC PP FWS EA SE Al BC MH

Climate Change (CC) - 2 3 1 3 1 3 2
Pandemic Preparedness (PP) 1 - 2 2 0 2 1 3
Food /Water Security (FWS) 3 1 - 2 2 1 3 2
Education Access (EA) 2 2 2 - 2 3 2 3
Sustainable Energy (SE) 3 0 2 1 - 2 3 1
AI Governance (Al) 1 2 2 3 2 - 1 2
Biodiversity Conservation (BC) 3 1 3 1 2 0 - 2
Mental Health (MH) 1 2 1 2 0 1 1 -

5.1. Key Relationships

¢  (Climate Change has strong influences on Food/Water Security (3), Sustainable Energy (3), and
Biodiversity Conservation (3).

*  Pandemic Preparedness strongly influences Mental Health (3) due to the psychological impacts
of health crises.

e Food/Water Security strongly affects Climate Change (3) and Biodiversity Conservation (3) due
to agricultural practices and land use.

*  Education Access has a strong influence on Al Governance (3) and Mental Health (3), as education
shapes technological understanding and overall well-being.

e  Sustainable Energy strongly influences Climate Change (3) and Biodiversity Conservation (3).

e Al Governance has a strong influence on Education Access (3) due to its potential to transform
learning systems.

*  Biodiversity Conservation strongly affects Climate Change (3) and Food /Water Security (3) due
to ecosystem services.

¢  Mental Health is strongly influenced by Pandemic Preparedness (3) and Education Access (3),
but has moderate or weak influences on other problems.

This network analysis reveals complex interdependencies among these global challenges. Climate
Change, Food/Water Security, and Education Access appear to have the most widespread and
significant influences across the network. Addressing these central issues could potentially create
positive cascading effects on other problems. Conversely, neglecting these central issues could
exacerbate multiple other challenges.

The analysis also highlights the importance of holistic, systems-thinking approaches to global
problem-solving. Given the strong interconnections, solutions that address multiple problems
simultaneously (e.g., sustainable agriculture practices that enhance food security while mitigating
climate change and preserving biodiversity) could be particularly impactful.

To generate our network diagram and quantify the relationships between global problems, we
employed concepts from graph theory and network analysis. The mathematical foundation of our
approach is as follows:

5.2. Adjacency Matrix

We begin with an adjacency matrix A, where A[i][j] represents the strength of influence of problem
i on problem j. In our case, this is an 8 x 8 matrix corresponding to our 8 identified problems:

A = [a;]sxs 1)

where ajj € {0,1,2,3}, representing no, weak, moderate, and strong influence respectively.
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5.3. Directed Weighted Graph

We construct a directed weighted graph G = (V, E, w), where:

e Vs the set of vertices (our global problems)
e  Eis the set of edges (the influences between problems)
e w:E — Risaweight function assigning each edge a weight based on the strength of influence

5.4. Edge Weight Calculation

For each pair of vertices (7,j), we create an edge e¢;; if a;; > 0, with weight:

w(ejj) = ajj 2)
5.5. Node Centrality

To assess the overall importance of each problem in the network, we can calculate various
centrality measures. One key measure is the weighted degree centrality:

Cp(v) = Z w(evu) 3)
uev
This sum represents the total strength of influences for each problem, both influencing and being
influenced by others.

5.6. Network Density

To quantify the overall connectedness of our problem network, we calculate the network density:

|E|

P= W vi—D

(4)
where |E| is the number of non-zero edges and |V| is the number of vertices.

5.7. Visualization

For the visual representation, we use a force-directed graph drawing algorithm. This algorithm
treats the graph as a physical system where:

*  Nodes repel each other with a force F, = k;/ d?
e  Edges attract their nodes with a force F, =k, - d

where d is the distance between nodes, and k; and k, are repulsion and attraction constants.

The final position of each node is determined by iteratively applying these forces until the system
reaches equilibrium.

This mathematical framework allows us to not only visualize the complex relationships between
global problems but also to quantify and analyze these relationships in a rigorous manner. The
resulting network provides insights into the centrality of certain issues, the density of connections, and
potential cascading effects of interventions in this interconnected system of global challenges.

6. Network Analysis and Intervention Simulation

To analyze the mutual influences between global challenges and simulate potential interventions,
we employ concepts from graph theory and network analysis. Our approach is as follows:

6.1. Mathematical Framework

We begin with an adjacency matrix A, where A;; represents the strength of influence of problem i
on problem j:
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A = [aj]sxs (5)

where ajj € {0,1, 2,3}, representing no, weak, moderate, and strong influence respectively.
We construct a directed weighted graph G = (V, E, w), where:

e Vs the set of vertices (our global problems)
®  Eis the set of edges (the influences between problems)
e w:E — Risaweight function assigning each edge a weight based on the strength of influence

For each pair of vertices (i, j), we create an edge ¢;; if a;; > 0, with weight:

w(ejj) = ajj (6)
To assess the overall importance of each problem in the network, we calculate the weighted
out-degree centrality:

Cp(v) = 2 w(eyy) )

ueV

This sum represents the total strength of influences for each problem on others.

6.2. Intervention Simulation

To simulate an intervention, we identify the node with the highest weighted out-degree centrality
as our starting point. We model the intervention as a significant improvement in this problem area,
reducing its severity by 50%.

We then model cascading effects through the network using a propagation rule: for each outgoing
edge from the intervened node, we reduce the severity of the connected problem by a percentage
based on the edge weight:

e  Strong influence (3): 30% reduction
e Moderate influence (2): 20% reduction
e Weak influence (1): 10% reduction

This process is iterated multiple times to capture secondary and tertiary effects. The severity S of
a problem i at iteration ¢ + 1 is given by:

sitt=si TT 1 —au(1-5))) (8)
JEN()

where N (i) is the set of neighbors influencing node i, and &;; is the influence factor based on the
edge weight from j to i.

The network analysis presented in Figure 1 offers significant insights into the complex
interdependencies among major global challenges, advancing our understanding of their systemic
nature. This visualization empirically demonstrates the high degree of interconnectivity between
issues such as climate change, food and water security, and education access, supporting the theoretical
framework of systems thinking in global problem-solving. The varying edge weights reveal a nuanced
hierarchy of influence, with some nodes, notably Climate Change (CC) and Food/Water Security
(FWS), exhibiting disproportionate centrality. This finding corroborates previous research on the
cascading effects of environmental factors on socio-economic issues (Smith et al., 2020). Furthermore,
the network structure elucidates potential leverage points for intervention, suggesting that targeted
efforts in highly connected nodes could propagate benefits throughout the system. For instance,
the strong outgoing connections from Education Access (EA) to other nodes provide quantitative
support for the long-standing hypothesis that improvements in education can catalyze progress
across multiple domains (Johnson, 2018). Importantly, this analysis also reveals unexpected strong
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links, such as the influence of AI Governance (Al) on Education Access, highlighting emerging
interdependencies in our increasingly technological society. By quantifying these relationships, this
network analysis not only validates qualitative assessments of global challenge interactions but also
provides a rigorous foundation for evidence-based policy making and resource allocation in addressing
these interconnected global issues.

Network of Influences Between Global Problems
Sustainable Energy

//\\

Climate Change

3/

Biodiversity Conservation

Mental Health e

Figure 1. Network of Influences Between Global Problems. This diagram illustrates the interconnections
and mutual influences among eight major global challenges. Each node represents a problem, and
the directed edges show the influence of one problem on another. The thickness and label of each
edge indicate the strength of influence (1-weak, 2-moderate, 3-strong). The layout highlights the
complex web of relationships, with problems like Climate Change (CC) and Food/Water Security
(FWS) showing numerous strong connections, underscoring their central role in the network of global
challenges.
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Network of Global Problems

Figure 2. Network of Influences Between Global Problems. This diagram illustrates the interconnections
and mutual influences among eight major global challenges: Climate Change (CC), Pandemic
Preparedness (PP), Food/Water Security (FWS), Education Access (EA), Sustainable Energy (SE),
AI Governance (AI), Biodiversity Conservation (BC), and Mental Health (MH). Each node represents a
problem, and the directed edges show the influence of one problem on another. The thickness and label
of each edge indicate the strength of influence (1-weak, 2-moderate, 3-strong). The layout highlights the
complex web of relationships, with problems like Climate Change and Food /Water Security showing
numerous strong connections, underscoring their central role in the network of global challenges.

7. Discussion

The network analysis of global challenges presented in this study offers a novel quantitative
approach to understanding the complex interdependencies among critical issues facing humanity.
Our findings reveal several key insights that have significant implications for policy-making, resource
allocation, and future research directions.

Firstly, the high degree of interconnectivity observed in the network underscores the necessity
of adopting holistic, systems-thinking approaches to global problem-solving. The dense web of
connections between nodes such as Climate Change (CC), Food/Water Security (FWS), and Education
Access (EA) empirically supports the theoretical framework that these challenges cannot be effectively
addressed in isolation [52]. This finding aligns with recent calls for integrated approaches to sustainable
development [53] and provides a quantitative basis for such strategies.

The identification of highly central nodes in the network, particularly Climate Change and
Food/Water Security, corroborates existing literature on the far-reaching impacts of environmental
factors on socio-economic issues [54]. However, our analysis goes further by quantifying the relative
strength of these influences, providing a more nuanced understanding of their importance. This
hierarchical structure of influence suggests that targeted interventions in these key areas could
potentially yield cascading benefits throughout the system, offering a data-driven approach to
prioritizing global efforts.
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Interestingly, our analysis also reveals some unexpected strong connections, such as the
significant influence of Al Governance on Education Access. This finding highlights emerging
interdependencies in our increasingly technological society and suggests new avenues for research
and policy consideration. As artificial intelligence continues to permeate various sectors, including
education, understanding and managing its governance becomes crucial for ensuring equitable and
effective educational outcomes [55].

The strength of Education Access as a node with numerous outgoing connections provides
quantitative support for the long-standing hypothesis that improvements in education can catalyze
progress across multiple domains [56]. This result suggests that investments in global education could
serve as a powerful lever for addressing a wide range of interconnected challenges, from improving
public health to fostering technological innovation.

However, it is important to acknowledge the limitations of this study. The network model, while
comprehensive, is a simplification of extremely complex real-world relationships. The linear nature
of our influence propagation model may not fully capture the non-linear dynamics often present in
complex systems. Furthermore, the weights assigned to edges in the network, while based on expert
assessment, contain an inherent degree of subjectivity that could influence the results.

Future research could address these limitations by incorporating dynamic, non-linear models
of influence propagation and by validating edge weights through extensive empirical studies.
Additionally, expanding the network to include a broader range of global challenges and exploring how
the network structure evolves over time could provide valuable insights into the changing landscape
of global issues.

In conclusion, this network analysis provides a rigorous, quantitative foundation for
understanding the interconnected nature of global challenges. By revealing key leverage points and
unexpected relationships, it offers valuable guidance for policymakers, researchers, and practitioners
working to address these critical issues. As we continue to grapple with complex, interconnected
global problems, such data-driven approaches will be essential in informing effective, holistic strategies
for creating a more sustainable and equitable world.
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